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SEA LEVEL
In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929, formerly called "Sea-Level Datum of 1929"), which is derived from a general adjustment of the first-order leveling networks of both the United States and Canada. -2-Douglas County has been one of the fastest growing counties in the Nation, with a 182-percent increase in population between the 1970 and 1980 censuses (Governor's Office of Planning Coordination, 1984, p. 37 ). This increase is apparently a result of recent economic growth in the gaming industry, availability of residential property, and the esthetic qualities of the area. The rapid growth has led to concern about the present and future impacts of development on the land and water resources.
Ground water is the principal source of drinking water for most of Douglas County except in the Lake Tahoe basin where the lake is the primary source. Ground water is also used for irrigation in Carson and Antelope Valleys. In 1969, just prior to the rapid population increase, the estimated 6,000 inhabitants in Douglas County withdrew approximately 7,000 acre-feet of ground water for irrigation and about 420 acre-feet for public supply. By 1985, the County's population had increased to 23,200 inhabitants and estimated annual ground-water withdrawals had increased to 10,500 acre-feet for irrigation and 3,900 acre-feet for public supply. Estimates of surface-water withdrawals decreased from 230,000 acre-feet for irrigation in 1969 to 220,000 acre-feet in 1985, while surface-water withdrawals for public supply increased from 1,200 acre-feet in 1969 to about 2,200 acre-feet in 1985 (State of Nevada, 1971, p. 18; E.A. Frick, U.S. Geological Survey, written communication, 1987) .
Six community water-supply systems of varying sizes serve developed areas in and near the Minden-Gardnerville area, in southern Carson Valley, and a residential area in Indian Hills, in the northern part of the valley. Smaller community systems serve developments adjacent to and northeast of Topaz Lake, in Antelope Valley. The remainder of the county outside the Lake Tahoe Basin is served by private domestic wells.
Potential sources of ground-water contamination in Douglas County include (1) natural, localized sources of mineralized water and of uranium and its radioactive decay products, including radon-222, a natural gas produced by radioactive decay of radium-226 (Otton and others, 1985) ; (2) leachate from a gold mining and milling operation in the southeastern corner of Carson Valley; (3) leachate from a large landfill in Carson Valley; (4) infiltration of agricultural chemicals (fertilizers and pesticides) applied in Carson and Antelope Valleys; (5) infiltration of contaminants from land application of municipal sewage effluents in Carson Valley; (6) percolation of domestic wastes from septic fields in more densely developed surburban areas of the county (Garcia, 1989) ; and (7) infiltration of organic contaminants from spills or improper disposal of solvents and leakage of petroleum products from underground storage tanks.
Previous studies have identified areas in Douglas County with potential for ground-water quality degradation (Nowlin, 1982; Garcia, 1989) . In addition to the ground-water quality studies/ a threedimensional model has been developed to simulate surface-water flow and ground-water levels in response to various ground-water withdrawal alternatives (Maurer, 1986) . Measurements of ground-water levels and estimates of pumpage have been compiled from data-collection activities in the Carson Valley (Berger, 1987) .
-3-In 1985, the Geological Survey, in cooperation with Douglas County, established a network of 33 wells for monitoring ground-water quality in the Carson Valley and Topaz Lake areas; six supplemental wells were added to this network late in 1986. The ground-water quality data collected during the first year of network operation were compiled and published in another U.S. Geological Survey report (Thodal, 1989) .
The purpose of this report is to present the ground-water quality data collected from January through August 1987. The data include: physical properties and major chemical constituents, indicator organisms of fecal contamination, nutrients, trace elements, manmade organic compounds, and radon-222. These, in addition to data collected during the first year of network operation, document current (1987) conditions and serve as a baseline from which future ground-water quality responses to changing land-use practices can be assessed.
METHODS AND MATERIALS USED
The monitoring network is composed of wells defined as (1) primary sites heavily pumped municipal wells and wells in areas that have a high potential for contamination; (2) long-term trend sites wells sampled to observe time trends in water quality; and (3) supplemental sites wells sampled to fill in data gaps. Primary sites were sampled quarterly, long-term trend sites were sampled biannually, and supplemental sites were sampled annually. Long-term trend site 7 was discontinued at the well-owner's request in 1987; therefore, a nearby supplemental well (site 34) was converted to a long-term trend site. The current network consists of 6 primary sites (wells 1-6), 20 long-term trend sites (wells 8-26 and 34), and 9 supplemental sites (wells 27-29, 31, and 35-39) . Information regarding wells used in the monitoring network (location, land-surface altitude, well depth, screened interval, and casing diameter) is summarized in table 1 and the well locations are shown in figure 2.
Three supplemental sites (wells 27, 28, and 31) and long-term trend site number 10 are constructed of polyvinyl chloride (PVC) thermoplastic well casings. PVC has many desirable properties for monitoring-well construction. Some data, however, suggest potential interferences from the use of PVC for monitoring trace-organic chemical species (Barcelona and others, 1983, p. 43) and particularly when casing sections and screens are joined by using organic solvent primers and cements (Barcelona and others, 1983, p. 41 ). The integrity of major-ion chemical data collected from these sites to characterize the water quality of the shallow groundwater system should not be affected by the materials used for well construction, but interpretation of trace-organic chemical data warrants careful scrutiny. Ground-water samples were collected using the existing pump at each monitoring well, or from the natural discharge of flowing (artesian) wells. Samples from U.S. Geological Survey observation wells (sites 27, 28, and 31) and site 10 were obtained with a peristaltic pump. Each well was allowed to discharge a minimum volume equivalent to three times the calculated volume of well casing so that samples representative of water in the aquifer could be collected. Water temperature, pH, and specific-conductance measurements were made frequently during the flushing period. Stabilization of measured values indicated that the water being withdrawn was from the aquifer.
-4- N14  N13  N12  N12  N12   N10  N14  N14  N14  N14   N14  N13  N13  N13  N13   N13  N13  N13  N13   N12  N12  N12  N12  N10   N10  N14  N14  N13  N13   N14  N13  N13  N12  N12  Nil   E20  E20  E20  E20  E21   E22  E19  E19  E20  E20   E20  E20  E19  E20  E19   E19  E20  E20  E20   E20  E20  E20  E19  E22   E22  E20  E20  E20  E20   E20  E20  E21  E19  E20  E21   18ABAB1  29CDC1  04ADA1  15ADD1  18CAB1   15DCB1  12ADA1  14BBD1  17ADCA1  28CDC1   34BDC1  02CBB1  09ADCA1  08CAA1  10DBB1   13BCC1  26ABB1  29BDDD1  34ACC1   11 ADD 1  17CCD 1  24ADC 2  23DDD 1  29CADA1   32BAAB2  30DCCB1  32DCCC1  08ACBC1  18BAAA1   06CBAB2  30BCAD1  33BCAB1  15DBAA1  20ABAA1  35ABB 1   4, In this table, wells are referenced to figure 2 by a site number, and identified by the standard identification (ID) and the local (Nevada) ID used by the U.S. Geological Survey. Except in this table, only the site numbers (1-39) are used, for convenience. In 1987, long-term trend site 7 was discontinued at the request of the well owner, and in 1986, supplemental site 34 was converted to a long-term trend site to replace site 7. Sites 30, 32, and 33 (Thodal, 1989, The standard identification is based on the grid system of latitude and longitude. The number consists of 15 digits: The first six digits denote the degrees, minutes, and seconds of latitude; the next seven digits denote the degrees, minutes, and seconds of longitude; and the last two digits (assigned sequentially) identify the site within a 1-second grid. For example, site 385604119435601 is at 38°56'04" latitude and 119*43'56" longitude, and it is the first site recorded in that 1-second grid. The assigned number is retained as a permanent identifier even if a more precise latitude and longitude are later determined.
A local site designation is used in Nevada to identify a site by hydrographic area (Rush, 1968) and by the official rectangular subdivision of the public lands referenced to the Mount Diablo base line and meridian. Each site designation consists of four units: The first unit is the hydrographic area number. The second unit is the township, preceded by an N to indicate location north of the base line. The third unit is the range, preceded by an E to indicate location east of the meridian. The fourth unit consists of the section number and letters designating the quarter section, quarter-quarter section, and so on (A, B, C, and D indicate the northeast, northwest, southwest, and southeast quarters, respectively), followed by a number indicating the sequence in which the site was recorded. For example, well 105 N12 E21 18CAB1 is in Carson Valley (hydrographic area 105). It is the first well recorded in the northwest quarter of the northeast quarter of the southwest quarter of section 18, Township 12 North, Range 21 East, Mount Diablo base line and meridian.
2 P, primary sites heavily pumped municipal wells or wells in areas that have a high potential for contamination; L, long-term trend sites wells sampled to observe time trends in water quality; S, supplemental sites wells sampled to fill in data gaps.
-5- FIGURE 2.-Monitoring wells in Carson Valley, Double Spring Flat, and Topaz Lake areas.
-6-Water-quality properties measured at each site included: (I) temperature, accurate to ±0.5 °C; (2) pH, accurate to ±0.1 unit; (3) specific conductance, accurate to 3 significant figures and expressed in microsiemens per centimeter at 25 °C (p.S/cm) ; and (4) alkalinity as CaCCU, by incremental-pH titration accurate to ±1 mg/L. Measurements were made in accordance with methods described by the U.S. Environmental Protection Agency (1972, chapters 3 and 4) and by Barnes (1964) .
The presence and abundance of biological indicators of fecal contamination were determined by the membrane filter method for fecal coliform bacteria and fecal streptococcal bacteria. Samples were filtered immediately after collection. The filter was placed on a nutrient medium, incubated for 24 hours at 44.5 °C for fecal coliform bacteria and for 48 hours at 35 °C for fecal streptococcal bacteria, and colonies were then counted. These methods are described in detail by Ehlke and others (1977, p. 53-62) .
Water samples for chemical analysis were collected and treated following standard U.S. Geological Survey methods (Skougstad and others, 1979) , and shipped within 2 days to the U.S. Geological Survey laboratory in Arvada, Colo. The types of containers and preservation and treatment procedures used for the various water samples are listed in table 2. The methods and precision of the analyses are described by Feltz and Anthony (1985) .
Samples collected for dissolved radon-222 determination were sent to the Department of Physics and Astronomy, University of Maine in Orono, for analysis by the liquid scintillation counter technique (Prichard and Gesell, 1977, p. 577-581) . A subset of samples from five monitoring sites was collected in all-glass deemanation bubblers and sent to United States Testing Company, Inc., Richland, Wash., for analysis by direct deemanation and alpha-scintillation counting (Yang, 1987, p. 194-198) .
In water year 1986, semiquantitative "scan" for the presence and cumulative concentration (but not the individual identities) of organic compounds was made on samples from 30 sites, using gas chromatography and a flame-ionization detector (Thodal, 1989, p. 10-11) . Sixteen sites where organic compounds were detected by the "scan" in water year 1986, and five new "supplemental" sites were sampled in water year 1987 for determination of specific organic compounds using gas chromatography and a mass spectrometer for purgeable organic compounds (Wershaw and others, 1983, p. 61-71) , acid extractable compounds (Wershaw and others, , and base/neutral extractable compounds (Wershaw and others, . Organochlorine compounds were analyzed by gas chromatography and an electron-capture detector, and organophosphate compounds were analyzed by gas chromatography and a flame-photometric detector (Wershaw and others, . Organic compounds analyzed by these methods are listed in table 3.
Water-quality properties and constituents measured and detected in water samples collected from network wells during water year 1986 with respect to source, occurrence in uncontaminated water, use of standards, and significance are described in a previous report (Thodal, 1989, p. 12-18 ).
-7- Primary drinking-water standards for inorganic properties and constituents (table 4) were exceeded for fluoride at site 10 (5.6 and 6.8 mg/L) and for nitrite plus nitrate nitrogen at site 34 (12 mg/L). Secondary maximum contaminant levels were exceeded as follows: pH at site 1 (8.6 to 9.1 units), site 9 (8.6 units), site 35 (8.9 units), and site 38 (8. Locations where indicator fecal bacteria were detected are shown in figure 5. Fecal coliform bacteria were detected in water samples from two wells [site 5, 1 sample: 3 colonies per 100 milliliters (mL) ; and site 18, 1 sample: 140 colonies per 100 mL]. Fecal streptococcal bacteria were detected in water samples from 11 wells (site 5, 1 sample: 2 colonies per 100 mL; site 15, 2 samples: 40 and 8 colonies per 100 mL; site 18, 2 samples: 32 and 23 colonies per 100 mL; site 20, 2 samples: 2 and 18 colonies per 100 mL; site 21, 2 samples: 4 and 8 colonies per 100 mL; site 27, 1 sample: 1,000 colonies per 100 mL; site 28: 420 colonies per 100 mL; site 29, 1 sample: 10 colonies per 100 mL; site 36, 1 sample: 14 colonies per 100 mL; site 37, 1 sample: 5 colonies per 100 mL; and site 38, 1 sample: 35 colonies per 100 mL). Locations where manmade organic compounds were detected are shown in figure 6. The primary maximum contaminant level for vinyl chloride was exceeded at site 31 (0.005 mg/L). Figure 7 shows the distribution of dissolved radon-222 activities measured in water samples from monitoring-network wells.
Physical, biological, and chemical data are given in tables 5-9, and a statistical summary, by constituent, of water-quality data collected at all wells in the monitoring network, is presented in table 10. Measurements below detection limits were incorporated into the mean and standard deviation estimates by assigning values predicted by log-probability regression analysis, and the median was estimated based on lognormal maximum likelihood procedures (Gilliom and Helsel, 1984; Helsel and Gilliom, 1985) . FIGURE 3.-Monitoring wells where State primary drinking-water standards were exceeded. The fluoride (F) standard was exceeded at long-term trend site 10 and the nitrate (N03 ) standard was exceeded at long-term trend site 34.
-11- FIGURE 5.--Monitoring wells where indicator fecal bacteria were detected.
-13- FIGURE 7.-Dissolved radon-222 activities measured in water samples from monitoring wells. (Hem, 1985, p. 66) .
pH A measure of acidity (pH value less than 7.0) or alkalinity (pH greater than 7.0) of water, which is based on effective concentration (also called "activity") of dissolved hydrogen ions. Primary source of hydrogen ions in most natural ground-water systems is from reaction of water with carbon dioxide that is produced by soil microorganisms; this reaction forms dissolved bicarbonate and hydrogen ions (Hem, 1985, p. 61-63 Generally less than 1,000 microsiemens per centimeter at 25 °C for potable water (Hem, 1985, p. 67) .
No enforceable standard. Provides field estimate of dissolvedsolids concentration and quality control for associated laboratory analysis.
The pH of pure water at 25 °C is 7.00 (which is termed a neutral pH). Typical groundwater values range from about 6.0 to about 8.5 (Hem, 1985, p. 63-64) .
Secondary standard: range of acceptable pH is from 6.5 to 8.5 (NBCHPS). Toxicity of certain compounds (such as hydrogen cyanide or ammonia), solubility of metal compounds, and corrosiveness of water are affected by oH (EPA, 1976, p. 178-179) . The pH is also a controlling factor in geochemical equilibrium. (Britton and Greeson, 1988, p. 63) .
Not expected in potable ground water; however, some species of E. coli bacteria have been found to survive and multiply on organic matter introduced to ground-water through artificially recharged lake water. (Canter and Knox, 1985, p. 72 Calcium: 1 to more than 1,000 mg/L. Magnesium: Normally much less than calcium and usually less than sodium (Hem, 1985, p. 89-100) . Sodium: Generally 1 to 1,000 mg/L. Potassium: Commonly 0.1 to 0.5 times sodium; generally less than 10 mg/L (Hem, 1985, p. 100-105) . Bicarbonate: Generally less than 200 mg/L in surface water and 500 mg/L in ground water. Carbonate: Generally less than 10 mg/L (Hem, 1985, p. 105-109) . Generally ranges from 1 to 1,000 mg/L (Hem, 1985, p. 116-117) . Commonly less than 100 mg/L in potable water (Hem, 1985, p. 117-120) . Commonly less than 1.0 mg/L in potable natural water (Hem, 1985, p. 120-123 (Hem, 1985, p. 69-73 (Hem, 1985, p. 124-126) .
Dissolved Dissolved in moderate amounts from organic land-surface organic matter and carbon (DOC) from fossilized organic matter (kerogen; Thurman, 1985, p. 14-15) .
Arsenic (As) Associated with volcanic minerals and metallic ore deposits. Common in thermal ground water.
Commonly 1 to 30 mg/L with concentrations up to 100 mg/L occurring frequently (Hem, 1985, p. 73) . Ground water is generally in the range of 25 to 1,000 mg/L (Hem, 1985, p. 31) . Nitrate, less than 10 mg/L; nitrite, ammonium, ammonia, and organic nitrogen, all less than 1 mg/L (Hem, 1985, p. 124-126) . From 0.2 to 15 mg/L; commonly less than 2 mg/L (Thurman, 1985, p. 8-9) .
No enforceable standard. Health Service suggest that elevated concentrations in drinking water may be related to increased incidence of skin cancer (Hammond and Beliles, 1980, p. 437-438) . (Hem, 1985, p. 138) . Ground-water pollution from industrial application of chromium has occurred in many places. Plating processes are the primary industrial application of chromium.
Reported median concentration in public water supplies: 43 Jig/L (Hem, 1985, p. 137 ).
Primary standard: 1,000 jig/L (NBCHPS) .
Commonly a few tenths of a milligram per liter (Hem, 1985, p. 129) .
No enforceable standard. Criterion: 750 jlg/L for long-term irrigation of sensitive crops (EPA, 1986b) .
Commonly less than 10 Jig/L (Hem, 1985, p. 142) . Commonly less than 10 ug/L (Hem, 1985, p. 138 gasoline and lead water pipes also can increase concentrations of lead (Hem, 1985, p. 143-144) . Uses: paints, batteries, and in sport-hunting and fishing industry.
Manganese (Mn) Dissolved from some rocks, soils, and lake-bottom sediments. Generally associated with iron;
often associated with acid drainage from mines (Hem, 1985, p. 86) .
Commonly less than 1985, p. 141) .
10 flg/L (Hem,
Concentrations in ground water
as high as 1,000 to 10,000 fig/L may be common in some aquifers. Areal distribution is commonly erratic (Hem, 1985, p. 83) . Less than 10 fig/L in potable water (Hem, 1985, p. 143-144) Generally less than 1,000 fig/L; usually less than iron (Hem, 1985, p. 89 ). Lead adversely affects the central nervous system, peripheral nerves, kidney, and hematopoietic system. Chronic or subchronic exposure to high concentrations of inorganic lead may lead to commonly fatal condition referred to as lead encephalopathy, whereas toxic effects of alkyl lead compounds on central nervous system result in hallucinations, delusions, and excitement, progressing to delirium in fatal cases. Other effects of lead exposure include colic, chromosomal aberrations, and abnormal sperm morphology. Inhalation is principal mode of exposure. (Hammond and Beliles, 1980, p. 418-421) Oxidizes to dark brown or black sediment. Problems similar to those of iron. Silver (Ag) Dissolved in small amounts from rocks and soils containing minerals such as argentite or cerargyrite (Fairbridge, 1972 (Fairbridge, , p. 1092 . Limited solubility and distribution of silver suggests its occurrence in ground water may indicate contamination from silver mining/ milling operations or improper disposal of photographic-processing wastes. Uses: jewelry and coinage, photography, and electronics; silver iodide has been used in "cloud seeding" for weather modification (Hem, 1985, p. 141).
Less than 1.0 Jig/L in potable water (Hem, 1985, p. 142-143) Primary standard:
2 Jig/L (NBCHPS) .
Rarely exceeds 1 Jig/L in potable water. Up to 3,000
Jig/L in drainage water from seleniferous irrigated soils (Hem, 1985, p. 145-146) .
10 Jlg/L (NBCHPS)
Much less than 10 Jig/L in most natural water (Hem, 1985, p. 141) .
50 Jlg/L (NBCHPS) . Mercury is highly poisonous element that is known to accumulate in aquatic organisms. Adverse effects of mercury are principally manifested in kidney and central nervous system. Neurotoxicity of of mercury poisoning is due to disruption integrity of blood-brain barrier, inhibition of protein synthesis, and blocked synaptic and neuromuscular transmission. Mercury nephrotoxicity results only from exposure to inorganic mercury, and pathogenetic mechanism is not well understood. Other effects include: stomatitis, gingivitis, and inflammation of intestinal mucosa (Hammond and Beliles, 1980, p. 424-426) . Also accumulates in organs of animals and humans. Selenium is essential nutrient for animals, and its deficiency in livestock diet is common. However, when intake becomes excessive, selenium toxicity ("blind staggers") can result.
Elemental silver is not considered toxic (although it does cause skin discoloration argyria), but most silver salts are toxic due to associated anions. Less than 100 flg/L in potable water (Hem, 1985, p. 142 ).
Secondary standard: 5,000 |lg/L (NBCHPS)
Recent EPA survey of 2,500 public drinking-water supply systems in the contiguous USA resulted in a mean radon-222 value of 340 pCi/L and a range from less than reporting level to more than 10,000 pCi/L (Horton, 1983, p. 10) .
No enforceable standard.
Not expected in most natural water.
Primary standard:
5 |lg/L (NBCHPS) , Zinc is considered essential element to plant and animal life, but water is not normally a significant dietary source. Human dwarfism and lack of sexual development have been related to zinc deficiency. Consumption of acidic food or beverages from galvanized containers has caused accidental poisoning, with symptoms such as fever, vomiting, stomach cramps, and diarrhea (Hammond and Beliles, 1980, p. 460-462 (Autian, 1980, p. 542-544) .
Human exposure primarily through inhalation; mildly irritating to mucous membranes; high concentrations reported to cause narcosis and unconciousness (Windholz, 1976, p. 497) . (Verschueren, 1983, p. 367) . Also produced, inadvertently, by chlorination of water supplies and sewage wastes containing dissolved methane (Thurman, 1985, p. 226-227 (Helling and others, 1971, p. 163) . Total use in 1981 was 9 million pounds (Smith and others, 1988, p. 37) .
Not expected in natural water.
Primary standard for total trihalomethanes (the sum of chloroform, bromoform, dibromochloromethane, and bromodichloromethane):
100 Hg/L (NBCHPS). Found to be carcinogenic by the National Cancer Institute and subsequently banned by the FDA from use in drug, cosmetic, and food packaging products. Environmental exposure primarily through air, with inhalation of large doses causing hypotension, respiratory and myocardial depression and death (Windholz, 1976, p. 273) .
Not expected in natural water. No enforceable standard. Inhibits enzyme cholinesterase, which normally hydrolyzes acetylcholine to acetic acid and choline; an essential metabolic pathway (Windholz, 1976, p. 435) . Commercial formulations often contain the pesticide sulfotepp as an impurity (1.4-6.9 mg/kg). Acute oral dosage lethal to 50 percent of test population of laboratory rats is 300-400 mg/kg; persistence of 10 mg/kg initial concentration in non-sterile organic soil is 50 percent remaining after 2 weeks (Verschueren, 1983, p. 457-459) . (Windholz, 1976, p. 404) . Solubility in water, 280 mg/L at 25 °C. Uses: refrigerant, aerosol propellant, blowing agent, leak-detecting agent, low-temperature solvent, and in some plastics (Verschueren, 1983, p. 484 (Verschueren, 1983, p. 486-487) . Occurrence in ground water may result from improper disposal of solvents and degradation of vinyl-chloride compounds.
Manmade, organophosphorus insecticide. Solubility in water, 2 mg/L at 20 °C (Smith and others, 1988, p. 36) . Other names include Nialate, Niagara 1240, diethion, phosphorodithioic acid, S,S'-methylene 0,0,0', O'-tetraethyl ester, ethyl methylene phosphorodithioate. Use: insecticide (Windholz, 1976, p. 491-492) . Classified as immobile in soils (Helling and others, 1971, p. 163) . Total use in 1981 was 2 million pounds (Smith and others, 1988, p. 37) .
No enforceable standard. Commercial production began in early 1930's, and many applications have been found due to its chemical inertness, useful physical properties, low toxicity, and low cost. Dichlorodifluoromethane and other halogenated methane compounds are presently being scrutinized both for their adverse environmental impacts on protective layer of ozone that envelopes the earth and for their potential as hydrologic tool for groundwater resource management (Thompson and Hayes, 1979, p. 546) . Narcotic at high dosages (Windholz, 1976, p. 501) . Inhibits enzyme cholinesterase, which normally hydrolyzes acetylcholine to acetic acid and choline;
an essestial metabolic pathway (Windholz, 1976, p. 492) . Acute oral dosage lethal to 50 percent of test population of laboratory rats is 96 mg/kg (Verschueren, 1983, p. 622) . Persistence of 10 mg/kg initial concentration in non-sterile organic soil:
50 percent remaining after 8 weeks (Verschueren, 1983, p. 621) . One of seven halomethanes listed by EPA as a potential carcinogen (EPA, 1986b) . Poisonous; may injure liver, kidneys, and central nervous system (Windholz, 1976, p. 789) . Inhibits enzyme cholinesterase, which normally hydrolyzes acetylcholine to acetic acid and choline; an essential metabolic pathway (Windholz, 1976, p. 954) . Acute oral dosage lethal to 50 percent of test population of laboratory rats is 1.6-4 mg/kg (Verschueren, 1983, p. 996) . Relatively nonpersistent in environment; oxidized or hydrolyzed to non-toxic breakdown products by soil microorganisms and chemical reactions (Kaufman, 1974, p. 144) . Not expected in natural water.
5 |lg/L (NBCHPS) . Narcotic at high dosages (Windholz, 1976 (Windholz, , p. 1184 . Clinical data suggest ingestion is relatively nontoxic, but liver, kidney, and central-nervous-system effects reportedly have resulted from occupational exposure. Is very mobile in soils, and under specific conditions may degrade to trichloroethylene, then to dichlorethylene, and to vinyl chloride. EPA estimates that 3 percent of all public water supplies contain 0.5 Jlg/L or more (EPA, 1987, p. 306) . Human exposure primarily through occupational inhalation. Oral toxicity is relatively low, resulting in inhibition of central nervous system. Limited data from experiments with pregnant laboratory mice suggest adverse developmental effects on fetuses (EPA, 1987, p. 327-328) .
Most reported exposure is by inhalation, resulting in narcotic effect and death due to ventricular fibrillation (Verschueren, 1983 (Verschueren, , p. 1135 . Surveys of drinking-water supplies suggest that 3 percent of all ground-water public supply sources in the U.S. contain at least 0.5 Jig/L (EPA, 1987, p. 356) . Windholz, 1976 Windholz, , p. 1283 . Uses: raw material in the plastics, rubber, paper, glass, and automotive industries; electrical pipe insulation, piping; medical supplies; food packaging; and construction. In excess of 7 billion pounds have been produced since 1979. Occurrence in ground water is relatively rare due to its rapid degradation to carbon dioxide and chloride. Less than 2 percent of all public-supply systems derived from ground water contain levels exceeding 1 jlg/L. Movement through soil is not retarded by adsorption; once in ground water, vinyl chloride is expected to remain for months to years. Vinyl chloride is reported to be a degradation product of trichloroethylene and tetrachloroethylene. Contaminated water is believed to be major source of exposure (EPA, 1987, p. 368-369) .
2 Jig/L (NBCHPS) . Classified by EPA as human carcinogen; linked to increased occurrence of liver angiosarcomas as well as brain and lung tumors associated with long-term occupational exposure. Short-term toxicity requires relatively high-level exposure (100,000 parts of vinyl chloride per million parts of air by inhalation) to induce narcosis and death (EPA, 1987, p. 371-372) . Concentrations of vinyl chloride found in PVC-bottled liquids range from 0 to 400 jlg/L, depending on the time of storage and quality of PVC (Verschueren, 1983 (Verschueren, , p. 1185 . also present in petroleum oil and in coal tar (primary raw material for xylene manufacture) . Estimated production in 1982, 5 billion pounds. Commercial xylene is mixture of three isomers: ortho-xylene, meta-xylene, and para-xylene; meta-xylene predominates. Solubility in water: orthoxylene, 175 mg/L at 20 *C; metaxylene, 160 mg/L at 20 °C; and para-xylene, 198 mg/L at 25 °C.
Uses: solvent for paints, inks, and adhesives; manufacture of aviation gasoline, polyester, and protective coatings; component of petroleum and asphalt. Movement with ground water retarded by moderate binding to soil; readily biodegraded, but expected stable in ground water.
About 3 percent of all public water supplies derived from ground water contain levels greater than 0.5 jig/L, with a maximum reported concentration Of 2.5 Jlg/L (EPA, 1987, p. 384-385) .
No enforceable standard. Carcinogenic potential has not been evaluated. Suggestedno-adverse-responselevels (SNARL'S) calculated by National Academy of Science: 21,000 Jlg/L for 1-day exposure and 11,200
Jlg/L for 7-day exposure (EPA, 1987, p. 393) . Environmental exposure primarily to air, with release to water due to spills and leaks of gasoline and other petroleum products. Occurrence in ground water may also indicate improper disposal of paints, inks, or industrial products (EPA, 1987, p. 385) .
Primary drinking-water standards specify maximum contaminant levels that are health-related and Federally mandated; secondary drinking-water standards are based on esthetic qualities and are enforceable by the State of Nevada (Jeffrey A. Fontaine, Nevada Bureau of Consumer Health Protection Agency Services, oral commun., 1989). Criteria are recommended limits for specific water uses, based on current scientific knowledge. Some standards and criteria for trace elements and organic compounds are expressed in milligrams per liter in the cited references; these values are herein converted to micrograms per liter to maintain consistency with units of measure used in the accompanying water-quality data tabulations. <10  <10  <10  <10  <1  <10   <1  <10  <10  <1  <10  <10  <1  <10  <10  <1  <10  <10  <1  <10  <10   _   <1  <10  <10  2  10  10  <1  <10  <10  <1  <10  <10   <1  <10  2  <10  <10  <1  <10  <10  <1  <10  <10  1  <10  <10   <1  <10  <10  1  40  <10  1  <10  <10  <1  <10  <10  <1  <10  <10  <1  <10  <10 -37- 80  80  92  73  73  73  73  73  73  73  73  73  73  73  73  72  72  72  72  71  30  30  31  30  26  30  30  29  30  31  30  30  30  37   Below  detection   0  0  0  1  0  0  0  0  0  0  0  0  9  0  0  68  9  32  11  0  5  1  2  22  24  29  8  23  12  28  28  29  3  3 Asterisk (*) indicates occurrence of this value at more than one site.
